Objective: Methanol appears in relatively high concentrations in alcoholic beverages obtained from fermented fruits distillates. These products are traditionally home made in many regions in Romania and other EU countries. The chronic use of products with high methanol concentration can be considered a health risk. The purpose of this work was to measure methanol concentration in a Romanian region where brandy-type alcoholic products are made from different fruits (plum, apple, pear, grapes), and to observe if there is a type of product that contains more methanol than the others. Methods: The content of methanol in the tested alcoholic beverages was determined using a gas chromatographic method. Results: Only 18% of the tested 56 samples met UE regulation regarding methanol content of alcoholic beverages (0.4% in alcoholic drinks containing 40% ethanol). The highest concentration of 2.39% was found in a plum brandy. Plum brandies contained signifi cantly higher amounts of methanol than brandies made from other fruits (0.91 vs 0.52%, p = 0.01). Conclusions: Home distilled alcoholic beverages obtained from fruits are a health threat due to their high methanol content. Strict regulations and tests should be introduced for such products.
Introduction
Methanol is ubiquitously present in the human body and it also appears in human blood and breath [1] . It is produced by bacterial fermentation or by decomposition of pectins contained in fruits [2] . Bean, pea and lentil also contain ppm levels of methanol [3] .
Th e decomposition of aspartame is another source of methanol in some beverages [4] .
Th e presence of methanol in alcoholic beverages is a well known problem [5, 6] . When fruits are fermented to obtain alcohol, methanol is also formed. In the process of distillation of fermented fruits, methanol is distilled together with ethanol due to their similar physicochemical properties. Th at is the reason why all alcoholic beverages obtained from fermented fruits will contain methanol. Th e European Union accepts a naturally occurring methanol concentration of 10 g methanol l -1 of ethanol in alcoholic beverages. Th is equates to 0.4% (v/v) methanol in an alcoholic drink containing 40% alcohol [7] . Th e acceptable intake of methanol is higher when alcohol is present, since alcohol is an antidote of methanol poisoning.
Low levels of methanol are not considered toxic, but higher ingestion of this product can lead to serious health hazards, the most commonly known being blindness. Methanol is converted in the human body to formaldehyde, a toxic compound linked by some researchers with the diseases of civilization [8, 9] .
Quantifi cation of methanol in various matrices can be easily achieved using a gas chromatographic (GC) technique [10] .
Home made alcoholic beverages (țuică, a type of brandy) that are never chemically analyzed are very common in Romania. Th ey are traditionally made from fermented fruits, especially plums. Th e goal of this work was to analyze samples of such alcoholic beverages and to compare methanol concentrations with the EU regulations. Infl uence of type of fruit and sugar adding (in the fermentation process) on methanol concentration was assessed is order to see if it is possible to predict methanol concentration in such beverages.
Methods

Equipment and reagents
• Gas chromatograph GC-8A with FID detector, Shimadzu Corp., Japan; • Column: Propach N, 1.2 m; • Hydrogen 4.5, Linde Gas, Romania; • Argon 4.7, Romsif Impex SRL, Romania; • Methanol gradient grade, 99.9%, Merck KgaA, Germany; • Toluen GC quality, Merck KgaA, Germany; • Ethanol for HPLC, Merck KgaA, Germany.
• Standard solution: 100 mg methanol and 40% ethanol solution to 10 ml. 10 μl of standard solution was extracted with 1 ml of GC quality toluene as described at 1.3.
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Gas chromatograph settings
• Column and FID temperature: 170°C;
• Range: 1;
• Attenuation: 32;
• Injection volume 5 μl; • Argon pressure: 2.5 kg cm -2 ;
• Hydrogen pressure: 0.5 kg cm -2 ;
• Air pressure: 0.5 kg cm -2 .
Sample preparation
Samples were collected in 10 ml vials and hermetically closed. Until analysis, samples were kept at -20°C. A 10 μl sample was introduced in an Eppendorf tube and 1 ml of toluene was added, followed by stirring on a vortex mixer for 2 minutes. After 5 minutes, 5 μl of toluene layer was injected into the GC equipment.
Results
Performance of the GC technique
Specifi city: injection of alcoholic beverages obtained by grain fermentation (vodka) did not lead to formation of peaks with similar retention times with that of methanol (RT = 0.83 min). Method parameters ensured that a high resolution value is obtained for methanol and ethanol peaks. Linearity: FID response increases linearly with the carbon content. Because of this reason we chose to compare the peak heights obtained in the samples with the peak height obtained in a methanol standard with a concentration of 1%.
Recovery: a standard solution was prepared in a 40% alcoholic solution to mimick the chemical composition of alcoholic beverages, and was extracted exactly as the samples. Th is way no recovery correction is needed. However, in order to ensure that there is a reasonable value for recovery, a spiked sample of methanol free alcoholic beverage was compared with a standard obtained by dilution instead of extraction. A mean recovery value of 85.2% was obtained with a coeffi cient of correlation of 4.25% (N = 5).
Detection and quantifi cation limits: limit of detection is 15 mg l -1 and limit of quantifi cation is 45 mg l -1 . Limit of quantifi cation is about 90 times lower than the EU limits for methanol in alcoholic beverages.
Methanol concentration in tested beverages
Fifty-six samples of home made brandies, obtained from Mureș, Covasna and Harghita counties in Romania were tested for the presence and concentration of methanol. Only 1 sample was obtained from grains, the others were obtained by diff erent fruits or mixtures of fruits. Sugar was added sometimes to the fruits in order to increase ethanol concentration.
Th e samples were not externally contaminated with this solvent, since they were taken from rural areas where such solvent is not used.
Ethanol concentration of the samples ranged between 35-45%. Table I summarizes the measured methanol concentrations. Plum and apple brandies were the most common among analyzed samples, since they are traditional products in the sampled areas. A low number of non-traditional brandies such as cornel, oranges and bananas were also available for analysis.
Discussion
As expected, only 18% of samples corresponded to European Union regulations regarding methanol concentration in alcoholic beverages. Papers published in the scientifi c literature [7] suggest that a concentration of 1% methanol can be considered safe, but only for a 100 ml day -1 consumption. Even if the accepted concentration is increased to 1%, 25% of the samples proved unsafe for human consumption.
Th e highest content of methanol was 2.39% in a plum brandy. Since the toxic methanol dose is between 0.3-1 ml kg -1 [11] , a potentially lethal dose of methanol is contained in 1 l of the mentioned brandy. Even if methanol toxicity is far less in the presence of ethanol, which inhibits its conversion to formaldehyde, the chronic use of these types of products can be considered a health risk. People with folate defi ciency (pregnant women, elderly, alcoholics and people with poor quality diets) are especially exposed to this risk [11] .
Since methanol concentration followed a normal (Gaussian) distribution, we used the unpaired two-tailed "t" test to check if fruit type signifi cantly infl uences methanol content of alcoholic beverages. Results of the "t" test showed that plum brandies have an almost double methanol content than those who do not contain plums (0.52 vs 0.91%; p = 0.01).
It was expected that adding sugar would increase the ethanol to methanol ratio, since methanol formation from sugar fermentation is not yet described. Unexpectedly, adding sugar to fruits before the fermentation process did not signifi cantly infl uence the methanol content of the final product.
Conclusions
Our results show that a signifi cant contamination with methanol occurs during fermentation of fruits. Home made distillation will, almost every time, lead to a methanol content which is higher than the one accepted in the EU. When plum brandy is made, special care should be employed since this fruit forms high amounts of methanol.
Since methanol is converted in humans to formaldehyde, people consuming these products on a regular basis are prone to suff er eff ects of chronic formaldehyde exposure.
Because of the high amounts of methanol measured, we consider that all alcoholic beverages, including home made ones for personal use, should be tested for methanol content.
